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ABSTRACT 


A relay station is composed of a main reception antenna 1 
for receiving both a radio wave of a parent station and a 
go-around radio wave of a relay station, a subsidiary recep- 
tion antenna 2 for receiving the go-around radio wave of the 
relay station, a changeable attenuator 3 and a phase shifting 
unit 4 for changing an amplitude and phase of a signal 
received in the subsidiary reception antenna 2, a composite 
signal producing unit 5 for producing a composite signal 
from a signal received in the main reception antenna 1 and 
the signal sent from the phase shifting unit 4, an electric 
power detecting unit 9 for obtaining a composite electric 
power from a composite voltage extracted in a directivity 


power irom a composite voltage extracted in a directivity 
coupling unit 8, and a microcomputer 10 for controlling a 
change of amplitude in the changeable attenuator 3 and a 
change of phase in the phase shift ing unit 4 so as to minimize 
an average value of tile composite electric power obtained in 
the electric power detecting unit 9. 

4 Claims, 4 Drawing Sheets 
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TECHNICAL FIELD 

The present invention relates to a relay device used for 
terrestrial broadcasting in which both a reception frequency 
and a transmission frequency having the same value as each 
other arc used. 

BACKGROUND ART 

In a terrestrial television broadcasting system, a relay 
device is installed in a relay station U> send out a broadcast 
radio wave to regions such as a mountainous region in which 
it is difficult to receive the broadcast radio wave. In this relay 
device, a broadcast radio wave transmitted from a parent 
station is received, amplified and again sent out. 

Also, the adoption of an orthogonal frequency division 
multiplex (OFDM) method is determined in Europe and 
Japan as a transmission method of digital terrestrial broad- 
casting. In this OFDM method, because a plurality of signals 
having the same frequency as each other can be used in an 
area, a single frequency network (SFN) can be used. 

Therefore, it is studied to prepare the SFN in the terrestrial 
digital broadcasting, and it is studied to use the reception 
frequency and the transmission frequency having the same 
value as each other in a relay device so as to efficiently use 
the frequency. In cases where the reception frequency and 
the transmission frequency in a relay device of" a relay 
station are the same as each other, both a radio wave 
transmitted from a parent station and a radio wave trans- 
mitted from the relay station are received in a reception 
antenna of the relay device. In this case, there is a possibility 
that a signal is oscillated in an amplifying unit uf the relay 
device and a broadcast service cannot be performed. 

To prevent the oscillation of the amplifying unit of the 
relay device of the relaj station, it is required that a received 
electric power D of the radio wave received in the parent 
station and a received electric power U of a transmission 
radio wave (or a go-around radio wave) of the relay station 
satisfy a condition D>U. However, because the electric 
power of the radio wave transmitted from the relay device is 
sufficiently higher than the electric power of the radio wave 
received in the relay device, it is not generally easy that the 
condition D>U is satisfied. Therefore, various methods have 
been proposed to remove the go-around radio wave and to 
sufficiently reduce the received electric power U of the 
transmission radio wave of the relay station. 

As a method of removing the go-around radio wave by 
using a reception antenna, a method of canceling-out the 
go-around radio wave by using a plurality of reception 
antennas has been proposed. FIG. 1 is a block diagram 
showing the configuration of a conventional relay device 
disclosed in Published Unexamined Japanese Patent Appli- 
cation No. HIf-298421 (1999). 

In FIG. 1, 1 indicates a main reception antenna for 
receiving both a radio wave (of a frequency f,) transmitted 
from a parent station and a go-around radio wave of a relay 
station in which the relay device is installed. 2 indicates a 
subsidiary reception antenna for receiving the go-around 
radio wave of the relay station. 3 indicates a changeable 
attenuator for changing an amplitude of a reception signal of 
the go-around radio wave received in the subsidiary recep- 
tion antenna 2 by a preset attenuation factor. 4 indicates a 
phase shifting unii (or phase shifter) for changing a phase of 
a signal output from the changeable attenuator 3 by a preset 


shifting phase value. 5 indicates a composite signal produc- 
ing unit (or composite signal producer) for producing a 
composite signal from both a signal of the radio wave of the 
parent station and a signal of the go-around radio wave 

5 received in the main reception antenna 1 and the signal sent 
from the phase shifting unit 4. 6 indicates an amplifying unit 
for amplifying die composite signal produced in the com- 
posite signal producing unit 5. 7 indicates a transmission 
antenna for transmitting a transmission radio wave (of the 

1Q frequency f x ) of the relay station according to the composite 
signal amplified in the amplifying unit 6. 
Next, an operation will be described below. 
The main reception antenna 1 has a directivity in the 
direction of the parent station, and the radio wave transinit- 
ted from the parent station is received in the main reception 
antenna 1. Also, a go-around radio wave transmitted from 
the transmission antenna 7 of the relay station is mixed with 
the radio wave of the parent station and is received in the 
main reception antenna 1. A reception signal composed of a 
mixture of the radio wave of the parent station and the 

20 go-around radio wave is received in the composite signal 
producing unit 5 l ite subsidiary reception antenna 2 is 
directed towards the transmission antenna 7. and the 
go- around radio wave transmitted from the transmission 
antenna 7 of the relay station is received in the subsidiary 

25 reception antenna 2. An amplitude of a reception signal of 
the go-around radio wave is changed by a preset attenuation 
facloi in the changeable attenuator 3. A phase of a signal 
received in the phase shifting unit 4 is changed by a preset 
shifting phase value, and the signal is output to the com- 

30 posile signal producing unit 5. 

In the composite signal producing unit 5, a composite 
signal is produced from a signal of a mixture of the radio 
wave of the parent station and the go-around radio wave 
received in the main reception antenna 1 and a signal of the 

35 go-around radio wave which is received in the subsidiary 
reception antenna 2 and of which the amplitude and the 
phase are adjusted. In this case, the attenuation factor of the 
changeable attenuator 3 and the shilling phase value oil lie 
phase shifting unit 4 are set so as to produce a composite 

40 signal from a signal of the go-around radio wave received in 
the main reception antenna 1 and a signal of the go-around 
radio wave received in the subsidiary reception antenna 2 
having the same amplitude as each other at phases opposite 
to each other. Therefore, the signal of the go-around radio 

45 wave is canceled out in the composite signal, and the output 
of the composite signal pn 'ducing unit 5 is composed of the 
composite signal of only the radio wave component of the 

Because the conventional relay device has the above- 

50 described configuration, when characteristics of the main 
reception antenna 1, the subsidiary reception antenna 2 
and/or the transmission antenna 7 are changed due to a 
change of the environment caused by w ind, snow or the like, 
the two go-around radio waves received in the composite 

33 signal producing unit 5 do not have the same amplitude as 
each othei at the phases opposite to each other. Therefore, a 
problem has arisen thai the go-around radio wave cannot be 
completely removed from the composite signal. 

Also, in cases where the conventional relay device is set 

60 so as to be automatically adapted for the change of the 
environment, it is required to distinguish the go-around 
radio wave from the radio wave of the parent station. 
Therefore, as is described in the patent application, another 
problem has arisen that it is required to superpose a relay 

65 station identification signal on the transmission radio wave 
of the relay station transmitted from the t 
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The present invention is provided to solve the above- 
described problem, and the object of the present invention is 
to provide a rela\ device in which a go-around radio wave 
can be canceled out without the superposition of a relay 
station icientiiieali.il] signal while being adapted for a change 
of the environment caused by wind or snow. 


BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the configuration of a 
conventional relay device. 

FIG. 2 is a block diagram show ing the configuration of a 
relay device according to a first embodiment of the present 


DISCLOSURE OF THE INVENTION 

A relay device according to the present invention, in 
which a radio wave of a parent station is received and 
amplified and a transmission radio wave having the same lu 
frequency as that of the radio wave of the parent station is 
transmitted, comprises a main reception antenna for receiv- 
ing both the radio wave of the parent station and a go-around 
radio wave of a relay station, a subsidiary reception antenna 
for receiving the go-around radio wave of the relay station, 15 
a changeable attenuator for changing an amplitude of a 
signal of the go-around radio wave received by the subsid- 
iary reception antenna, a phase shifter for changing a phase 
of the signal of the go-around radio wave received by the 
subsidiary reception antenna, a composite signal producer - 
for producing a composite signal from a signal of the radio 
wave of the parent station received by the main reception 
antenna, the signal of the go-around radio wave of the relay 
station and the signal of which the amplitude is changed by 
the changeable attenuator and the phase is changed by the 25 
phase shifter, a directivity coupler for extracting a composite 
voltage of the composite signal oiilpul from he composite 
signal producer, an electric power detector for obtaining a 
composite electric power from the composite voltage 
extracted by the directivity coupler, and a microcomputer for 30 
controlling both a change of the amplitude performed by the 
changeable attenuator and a change of the phase performed 
by the phase shifter so as to minimi/.e an average value of 
the composite electric power obtained by the electric power 
detector. 

Therefore, the go-around radio wave can be cancelled 
while the relay device is adapted for a change of an 


The « 


v devic. 


fur- 


o the presei 

ther comprises an output controller for controlling an output 
of the transmission radio wave transmitted from the relay 
station according to an instruction of the microcomputer 
when the supply of an electric power is started. 

Therefore, the oscillation occurring in the relay device can 4 _ 
be suppressed when the supply of an electric power to the 
relay device is started. 

In the relay device according to the present invention, an 
initial operation point of the changeable attenuator and an 
initial operation point of the phase shifter are automatically 50 
detected by the microcomputer by obtaining a minimum 
value of the composite electric power obtained by the 
electric power detector. 

Therefore, the detection of initial operation points of both 
the changeable attenuator and the phase shifter performed by 55 
measuring the amplitude and phase of the go-around radio 
wave is not required. 

The relay device according to the present invention fur- 
ther comprises an output controller for controlling an output 
of the transmission radio wave transmitted from the relay 60 
station according to an instruction of the microcomputer 
when an initial operation point of the changeable attenuator 
and an initial operation point of the phase shifter are 
automatically detected by the microcomputer. 

Therefore, the oscillation occurring in the relay device can 55 
be suppressed during the automatic detection of the initial 
operation points performed by the microcomputer. 


FIG. 3 is a view showing a characteristic of a change of 
an average value of a composite electric power due to a 
change of an attenuation factor of a changeable ; 
according to a second embodiment of the present ir 

FIG. 4 is a view showing a characteristic of a change of 
an average value of a composite electric power due to a 
change of a value of a phase shifted in a phase shifting unit 
according to the second embodiment of the present inven- 

FIG. 5 is a block diagram showing the configuration of a 
relay device according to a third embodiment of the present 


Hereinafter, the best mode for carrying out the present 
invention will now be described with reference to the 
accompanying drawings to explain the present invention in 

FIG. 2 is a block diagram showing the configuration of a 
relay device according to a first embodiment of the present 
invention. In FIG. 2, 8 indicates a directivity coupling unit 
(or directivity coupler) for extracting a composite voltage of 
the composite signal output from the composite signal 
producing unit 5. 9 indicates an electric power detecting unit 
(or electric power detector) for obtaining a composite elec- 
tric power from the composite voltage extracted in the 
directivity coupling unit 8. 10 indicates a microcomputer for 
controlling an attenuation factor of the changeable attenu- 
ator 3 and a shifting phase value of the phase shifting unit 
4 so as to minimize an average value of the composite 
electric power obtained in the electric power detecting unit 
9. The other constitutional elements are the same as or 
equivalent to those of the conventional relay device shown 
in FIG. 1. 

Next, an operation will be described below. 

A composite voltage output from the composite signal 
producing unit 5 is extracted in the directivity coupling unit 
8, a composite electric power is obtained in the electric 
power detecting unit 9 from the composite voltage extracted 
in the directivity coupling unit 8, and the composite electric 
power is input to the microcomputer 10. 

A voltage V M1 of a radio wave of a parent station received 
in the main reception antenna 1 is expressed according to an 
equation (1). 

V m -VJ® (l) 

In this case, a voltage of a go-around radio wave 
received in the main reception antenna 1 is expressed 
according to an equation (2). 


(2) 


Here, V. 7 denotes an average voltage of the radio wave of the 
parent station, V U1 denotes an average voltage of the 
go-around radio wave received in the main reception 
antenna 1, 91 denotes a phase of the go-around radio wave 
received in the main reception antenna 1, and At denotes a 
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time period from the reception of the radio wave of the 
parent station to the reception of the go-around radio wave 
in the main reception antenna 1 or the subsidiary reception 
antenna 2 through the processing of the radio wave in the 
relay device and the transmission of the go-around radio 
wave from the transmission antenna 7. In case of a television 
relay device, the time period At is normally equal to or 
higher than 1 fis.. 

In the same manner, a voltage V j2 of a go-around radio 
wave received in the subsidiary reception antenna 2 is 
expressed according to an equation (3). 

Here, V, , denotes an average vollagc oil lie go-around radio 
wave received in the subsidiary reception antenna 2, and ('2 
denotes a phase of the go-around radio wave received in the 
subsidiary reception antenna 2. 

Therefore, the voltage V A . received in the main reception 
antenna 1 is expressed according to an equation (4). 

V M -V M , +V M ?-VJ(t) + V, n e^f-Af) (4) 

In cases where an amplitude of a signal corresponding to 
the voltage V j2 of the go-around radio wave received in the 
subsidiary reception antenna 2 is changed by u limes (or an 
attenuation factor «) in the changeable attenuator 3 and a 
phase of the signal of the voltage V s2 is changed by <p (or a 
shifting phase value rp) in the phase shifting unit 4, an 
composite voltage V 0 output from the composite signal 
producing unit 5 is expressed according to an equation (5). 

V 0 -VJ[t)<Vui^o.V m ^ ai+ «)f(l-M) (5) 

Thereafter, the composite voltage V 0 is squared in the 
electric power detecting unit 9 to obtain a composite electric 

V 0 2 =y/y 2 ( 1 ) + (tV 1 s j81 +aV' t ,, e ''" !3 *'*') 2 / 2 r i ')+2V rf (V L . 1 £ jei + 

aV^^fimi-M) (6) 

Here, when the condition At>l fjs is satisfied, an average of 
f(t) 1(1— At) is equal to 0 due to the characteristics of the 
OFDM method of the terrestrial digital broadcasting. 
Therefore, an average value of the composite electric power 
is obtained according to an equation (7). 

I v'o 2 H WOWtf^^W^I (7) 

Here, |a| denotes an average of the symbol "a". In this case, 
it is applicable that the average value |V,, : | of the composite 
electric power be obtained in the electric power detecting 
unit 9 and be output to the microcomputer 10. Also, it is 
applicable that the average value |V C 2 | of the composite 
electric power be obtained in the microcomputer 10. 

Also, to cancel the go-around radio wave, the attenuation 
factor a of the changeable attenuator 3 is set according to an 
equation (8). 

Vui-aVtn—amVtnjVvi (8) 

Also, the shifting phase value <|> of the phase shifting unit 4 
is set according to an equation (9). 

92 +<|>=ei-Mt^<|>=ei-e2-Kt (9) 

When the condition of the equation (9) is satisfied. 

is obtained. Also, when the condition of the equation (8) is 
satisfied, the second term of the equation (7) is equal to 0. 
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fherefore, it is realized that the go-around radio wave is 
canceled out in the composite voltage output from the 
composite signal producing unit 5. 

As is described above, in cases where the attenuation 

5 factor it of the changeable attenuator 3 and the shifting 
phase value <j> of the phase shifting unit 4 are set as operation 
points of both the changeable attenuator 3 and the phase 
shifting unit 4 so as to minimize the average value |V 0 2 | of 
the composite electric power, it is realized that the relay 

10 device is set to a state of the canceling-out of the go-around 

Accordingly, in the lirst embodiment, in cases where the 
environment of the relay device is changed due to w ind or 
snow, the attenuation factor of the changeable attenuator 3 

'* and a degree of phase shifted in the phase shifting unit 4 are 
controlled by the microcomputer 10 so as to minimize the 
average value |V 0 2 | of the composite electric power. 
Therefore, the go-around radio wave can be canceled out 
while being adapted for a change of the environment. Also, 

20 in this algorithm, it is not required to superpose a relay 
device identification signal identifying the go-around radio 
wave on the transmission radio wave of the relay station. 
Embodiment 2 

?s In the first embodiment, on the assumption that initial 
operation points of both the changeable attenuator 3 and the 
phase shil ling unit 4 are set w hen the relay device is installed 
in the relay station, the relay device is operated while being 
adapted for a change of the environment. However, it is 

30 possible to automatically obtain the initial operation points. 
FIG. 3 is a view showing a characteristic of a change of 
the average value j V, "j of the composite electric power due 
to a change of the attenuation factor a of the changeable 
attenuator 3. As shown in FIG. 3, a change of the average 

35 value |V 0 2 | of the composite electric power with respect to 
the attenuation factor a of the changeable attenuator 3 is 
expressed by a quadratic curve, and an operation point 
corresponding to the canceling-out of the go-around radio 
wave is placed at a point of FIG. 3 at which the average 

40 value |V 0 2 | of the composite electric power is minimized. 
Therefore, when the supply of an electric power to the relay 
device is started, the minimum point of the average value 
|V 0 2 | of the composite electric power is detected while 
changing the attenuation factor a little by little by using the 

45 microcomputer 10. 

FIG. 4 is a view showing a characteristic of a change of 
the average value |V, 2 | ol the composite electric power due 
to a change of the value c|) of the phase shifted in the phase 
shifting unit 4. As shown in FIG. 4, a change of the average 

50 value |V 0 2 | of the composite electric power with respect to 
the shifting phase value <|> is expressed by a cosine curve, and 
an operation point corresponding to the canceling-out of the 
go-around radio wave is placed at a point of FIG. 4 at which 
the average value |V , : | of the composite electric power is 

55 minimized. Therefore, in the same manner as in the above 
case, the minimum point of the average value |V 0 2 | of the 
composite electric power is detected while changing the 
phase shifting value (|> little by little by using the microcom- 
puter 10. 

60 As is described above, in the second embodiment, the 
initial operation point, at which the average value [V n 2 | of 
the composite electric power is minimized, can be automati- 
cally detected. Therefore, when the relay device is installed 
in the relay station, it is not required to set operation points 

■55 of both the changeable attenuator 3 and the phase shifting 
unit 4 by measuring the amplitude and phase of the 
go-around radio wave. 
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Embodiment 3 

In the first embodiment, when the re lav device is installed 
in the relay station, the initial operation points of both the 
changeable attenuator 3 and the phase shifting unit 4 arc 
measured and set. However, when the supply of an electric 
power to the relay device is suddenly started, the go-around 
radio wave cannot be sufficiently canceled out due to mea- 
surement errors of the initial operation points. Therefore, 
there is a probability that a signal oscillation occurs in the 

Also, in the second embodiment, the initial operation t 
points of both the changeable attenuator 3 and the phase 
shifting unit 4 are automatically detected by the microcom- 
puter 10. However, the go-around radio wave cannot be 
sufficiently canceled out during the detection of the initial 
operation points. Therefore, in the same manner, there is a , 
probability that a signal oscillation occurs in the relay 
device. 

I K i 5 is a block diagram show ing llie conligiual ion of a 
relay device according to a third embodiment of the present 
invention. In FIG. 5, 11 indicates an output control unit (or 
output controller) for controlling an output of the amplifying " 
unit 6 by using the microcomputer 10 and outputting the 
output of the amplifying unit 6 to the transmission antenna 


Next, an operation will lie described below. 

When the supply of an electric power to the relay device 25 
is started, an output of the output control unit 11 is set to zero 
under the control of the microcomputer 10 to control the 
relay device not to output a transmission radio wave from 
the relay device. In this case, an output value of the electric 
power detecting unit 9 is stored in the microcomputer 10. 30 
Because no go-around radio wave is included in (Ins output 
value of the electric power detecting unit 9, the output value 
indicates a reception level of the radio wave of the parent 

the microcomputer 10 so as to heighten an output level (or J5 
output value) of the relay device little by little until the 
output level of the relay device reaches a regular output 
level. Therefore, a signal oscillation occurring in the relay 
device can be avoided. 

In this case, a threshold value is preset to a value ranging 
from the output value stored in the microcomputer 10 to the 40 
double of the output value. When an electric power detected 
in the electric power delecting unit 9 is equal to or higher 
than the preset threshold value, operation points set in both 
the changeable attenuator 3 and the phase shifting unit 4 
differ from optimum operation points at which the average 45 
value |V 0 2 | of the composite electric power is minimized. 
Therefore, the electric power equal to or higher than the 
preset threshold value indicates that the go-around radio 
wave is not canceled out. In this case, an output of the relay 
device is fixed at the operation points under the control of 50 
the output control unit 11, the optimum operation points are 
detected in the same manner as in the case of the change of 
the environment, and the output of the relay device is 
gradually heightened. 

Also, while the initial operation points of both the change- 55 
able attenuator 3 and the phase shifting unit 4 are automati- 
cally detected by using the microcomputer 10, the output 
level of the output control unit 11 is fixed to an appropriate 
level, which is equal to or lower than half of the regular 
output level, according to an instruction sent from the 
microcomputer 10. In this case, because an oscillation " 
condition for the relay device is not satisfied, a signal 
oscillation occurring in the relay device can be avoided. 

As is described above, in the third embodiment, an output 
level of the relay device is controlled by the output control 
unit 11 according to the control of the microcomputer 10. 65 
Therefore, when the supply of an electric power to the relay 
device is started or initial operation points are automatically 


INDUSTRIAL APPLICABILITY 

As is described above, in a relay device according to the 
present invention, a transmission radio wave having the 
same frequency as that of a radio wave received from a 
parent station is transmitted. Therefore, the relay device is 
appropriate to the canceling-out of a go-around radio wave 
while being adapted for a change of an environment of the 
relav device caused by wind or snow. 

What is claimed is: 

1. A relay device, in which a radio wave of a parent station 
is received and amplified and a transmission radio wave 
having the same frequency as that of the radio wave of the 
parent station is transmitted, comprising: 

a main reception antenna for receiving both the radio 

wave of the parent station and a go-around radio wave 

of a relay station; 
a subsidiary reception antenna for receiving the go-around 

radio wave of the relay station; 
a changeable attenuator for changing an amplitude of a 

signal of the go-around radio wave received by the 

subsidiary reception antenna; 
a phase shifter for changing a phase of the signal of the 

go-around radio wave received by the subsidiary recep- 

a composite signal producer for producing a composite 
signal from a signal of the radio wave of the parent 
station received by the main reception antenna, the 
signal of the go-around radio wave of the relay station 
and the signal of which the amplitude is changed by the 
changeable attenuator and the phase is changed by the 
phase shifter; 

a directivity coupler for extracting a composite voltage of 
the composite signal oiilpul from the composite signal 

an electric power detector for obtaining a composite 
electric power from the composite voltage extracted by 
the directivity coupler; and 

a microcomputer for controlling both a change of the 
amplitude performed by the changeable attenuator and 
a change of the phase performed by the phase shifter so 
as to minimize an average value of the composite 
electric power obtained by the electric power detector. 

2. Arelay device according to claim 1, further comprising: 
an output controller for controlling an output of the 

transmission radio wave transmitted from the relay 

puter when the supply of an electric power is started. 

3. A relay device according to claim 1, wherein an initial 
operation point of the changeable attenuator and an initial 
operation point of the phase shifter are automatically 
detected by the microcomputer In obtaining a minimum 
value of the composite electric power obtained by the 
electric power detector. 

4. Arelay device according to claim 1, further comprising: 
an output controller for controlling an output of the 

transmission radio wave transmitted from the relay 
station according to an instruction of the microcom- 
puter when an initial operation point of the changeable 
attenuator and an initial operation point of the phase 
shifter are automatically delected by the n ' 


